Object. Most descriptions of spine surgery morbidity and mortality in the literature are retrospective. Emerging prospective analyses of adverse events (AEs) demonstrate significantly higher rates, suggesting underreporting in retrospective and prospective studies that do not include AEs as a targeted outcome. Emergency oncological spine surgeries are generally palliative to reduce pain and improve patients' neurology and health-related quality of life. In individuals with limited life expectancy, AEs can have catastrophic implications; therefore, an accurate AE incidence must be considered in the surgical decision-making process. The purpose of this study was to determine the true incidence of AEs associated with emergency oncological spine surgery.
H istorically, most reports on adverse events (AEs) in the literature are retrospective in nature or are from studies that do not include AE compilation as a primary outcome. Emerging prospective studies with AEs as the targeted outcome 3, 17 suggest that when prospectively collected, AE rates are significantly higher than previously reported. This discrepancy is multifactorial but explained primarily by complication studies that relied on hospital-based administrative databases that lack sufficient detail and are populated retrospectively.
Street et al. reported on 942 consecutive patients admitted to a quaternary care referral center undergoing spinal surgery and found that 87% had at least one documented AE. 17 The patient population represented all admissions undergoing any type of spine surgery, either emergency or elective. Campbell et al. 3 prospectively studied 128 patients undergoing thoracic and/or lumbar spine surgery at the neurosurgical spine unit of a university hospital and documented AEs occurring within the first 30 days of the operative procedure. They found that 59.4% of the patients experienced at least one AE. 3 Adverse events in emergency oncological spine surgery: a prospective analysis J Neurosurg: Spine / Volume 21 / November 2014 Fourteen percent of cancer patients will develop symptomatic spine metastasis, and this number is likely to increase as systemic treatments continue to improve. Surgery has become an evidence-based and integral part of the treatment paradigm for these patients, with indications including high-grade epidural spinal cord compression, neurological compromise, spinal instability, and tumor progression after radiation therapy. 2, 5, 11, 19 The goals of surgical management are preservation of neurological function, ensuring spinal stability, and achieving local tumor control. Surgical intervention is not without risk, however, and the benefits must be weighed against the mortality and morbidity profiles of the procedure. AE occurrence has the potential to be catastrophic in this fragile oncological population for whom quality of life is so paramount in their remaining time. The societal costs of these AEs for this palliative intervention is also an important consideration. 6, 18 The primary purpose of this study was to determine the true incidence of AEs in this specific population of patients undergoing emergency spine surgery for metastatic epidural spine disease and to compare the results of an AE-targeted prospective study to the best available literature. We hypothesized that AE rates would be higher when collected prospectively compared to retrospectively. The secondary objectives of this study were the evaluation of the impact of AEs on the length of stay and overall patient survival.
Methods

Design
This study was a prospective observational analysis of consecutive patients admitted to our academic quaternary referral center over a 4-year period between January 1, 2009, and December 31, 2012. All patients discharged within this 4-year period with a primary or secondary diagnosis of metastatic spine disease who required an emergency surgery were included. No specific time frame was defined to meet the emergency criteria. Rather, emergency surgery was defined as surgery on patients admitted through the emergency department or seen in an outpatient clinic emergently for acute symptom onset who required immediate surgical attention either for neural structure compression or instability. Intradural metastases and primary bone tumors were excluded. Ethics committee approval was obtained according to the institutional standards.
Data Collection
Every patient's case was discussed at weekly morbidity and mortality rounds attended by all attending surgeons, residents, fellows, and nursing staff. All the AEs encountered in the previous week are discussed and coded during these rounds. The statuses of each in-hospital patient and all patients discharged since the last meeting were reviewed by all attendees. In addition, a dedicated research nurse completed daily rounds on every in-hospital patients with the purpose of identifying and documenting all AEs. In an effort to ensure that all AEs were identified, patients were also discussed at daily ward rounds, where any new AE was also recorded, and each patient was again discussed with the discharge coordinator at the time of discharge. If a patient was discharged without a completed Spine AdVerse Events Severity System, version 2 (SAVES V2) 14 form, the form was returned to the responsible attending surgeon within 1 week of discharge for completion. These multiple quality-assurance checks were developed to ensure maximal accuracy of our AE recording system and to ensure that no AEs were missed. All AEs were prospectively recorded using the SAVES V2 collection form, 13 ,14 which was previously tested for reliability and validity in both elective degenerative and emergency traumatic populations. The SAVES form contains a list of common intra-and postoperative AEs and was developed specifically for spinal surgery. The occurrence of any one discrete AE in this study did not necessarily imply a measurable adverse consequence. This form was used to ensure accurate and reliable AE data identification and collection, which is critical to the development of clinical care guidelines and standards, to resource and funding allocation, and to facilitate meaningful multicenter and multidisciplinary collaboration.
Data
Demographic data, including age, sex, primary tumor histology, and comorbidities (Charlson Comorbidity Index [CCI]), were collected from a local prospective spine database. Admission motor score was calculated by the surgical team using the International Standards for Neurological and Functional Classification of Spinal Cord Injury by the American Spinal Injury Association (ASIA). The type of surgical intervention was not standardized and was left to the discretion of the treating surgeon based on the specific clinical scenario for each patient. AEs occurring after discharge were collected again prospectively. Because this is the only referral center for spine-related cancer treatment within the region, all patients requiring readmission were admitted back to our institution.
Statistical Analysis
Statistical analysis was conducted using logistic regression and forward selection models to define the impact of these variables on the overall AE rate. All AE analyses were adjusted for age. The Hosmer-Lemeshow goodness-of-fit test for logistic regression models was performed to confirm adequate model fit on the forward selection models. We also performed length of stay analyses and generated Kaplan-Meier survival curves.
Results
A total of 101 patients met our inclusion criteria, including 50 males (49.5%) and 51 females (50.5%). Complete data were available for analysis in all 101 patients (100%). The median age at admission was 62 years (range 33-85 years). The mean CCI score 4 was 8. The primary tumor distribution and patient characteristics are shown in Table 1 . The main clinical presentation was myelop-J Neurosurg: Spine / Volume 21 / November 2014 athy in 39 patients (38.6%), mechanical pain in 38 patients (37.6%), and radiculopathy in 24 patients (23.8%). Forty-four patients (43.6%) had visceral metastases on initial presentation. The mean motor score was 88 (range 0-100), and 53 patients (52.5%) had motor function intact on admission.
Spinal metastases were distributed as follows: cervical spine in 16 cases (15.8%), thoracic in 63 (62.3%), lumbar in 20 (19.8%), and sacral in 2 (2%). The mean time from admission to surgery was 78 hours, and the mean operating time was 4.6 hours. The types of surgical approaches are listed in Table 2 .
Seventy-six patients (76.2%) had at least 1 AE during their admission (Table 3 ). There was a mean of 1.8 AEs per patient. One-quarter of our population (n = 27) experienced 3 or more AEs. There were several factors that significantly influenced the total number of AEs in the forward selection model. These included the time between admission and surgery (p = 0.002), surgeon load (p = 0.009), and the mode of presentation. Surgeon load was defined as the number of cases a specific surgeon performed during the study period, and the results demonstrated that patients operated on by a surgeon who performed more of these procedures had fewer overall AEs. Also, patients who presented with myelopathy had more AEs than patients who presented with only radicular symptoms, and the latter group suffered more complications than patients without neurological deficit who presented with mechanical pain only (p = 0.001). Interestingly, neither the CCI score (p = 0.104) nor the motor score on admission (p = 0.175) reached statistical significance as factors influencing the total rate of AEs in multivariate analysis.
Thirty-two percent of the emergency oncology patients in our study suffered from at least 1 intraoperative AE; the most common was significant blood loss (> 2 L) in 17 patients (16.8%). An iatrogenic dural tear occurred in 10 patients (9.9%), and malposition of instrumentation requiring revision occurred in 6 patients (5.9%). One patient (1%) had an intraoperative cardiac event, and 2 had an unplanned nerve root injury (2%). The length of surgery (p = 0.029) was the strongest predictor of intraoperative AEs. Two-thirds of our patients developed postoperative complications. Two factors had a statistically significant unfavorable impact on these complications in the forward selection models: longer duration of time from admission to surgery (p = 0.021) and age at admission (p = 0.035). Twenty-one patients (20.8%) developed delirium, making it one of the most common AEs complicating the postoperative course of our study population. Delirium was more common in male patients (p = 0.031). Transient neurological deterioration occurred in 6 patients (5.9%). No patients suffered from permanent neurological deterioration. Infectious complications occurred in a significant number of patients. Thirty-five (34.7%) had a urinary tract infection, 12 (11.9%) developed pneumonia, and 4 patients (3.9%) developed systemic sepsis. Surgical site infection was documented in 6 patients: 4 (3.9%) developed deep wound infections and 2 (2.0%) developed superficial infections. Twenty patients (19.8%) received preoperative radiation therapy and subsequently had surgery because of radiation treatment failure; however, neither pre-nor postoperative radiation therapy influenced the rate of wound complications in our study (p = 0.968). The deep wound infection rate was increased by the presence of an iatrogenic dural tear (p = 0.024) and if the patient required another surgery during the same admission (p = 0.002). Three patients required revision surgery during their index admission: 2 for wound infection and 1 for hardware revision. Four patients (4.0%) developed pressure sores during their hospitalization. The presence of pressure sores was influenced by the motor score on admission (p = 0.031) and the time from admission to surgery (p = 0.037). Four subjects had a deep vein thrombosis (4%), and 2 had an early construct failure (2%). Other AEs, which by themselves did not have significant clinical impact but are worth mentioning for completeness, were electrolyte imbalance (11%), hematological complication (2%), transient cardiac arrhythmia (4%), and short-lived postoperative dysphagia (5%).
The median length of stay was 21 days (range 4-100 days). The presence of any AE clearly affected the length of stay (p < 0.0001). As we would expect, the need for a second operation was also significant in the multivariate analysis (p = 0.006) for increased length of stay. Motor score on admission (p < 0.0001) and postoperative deep venous thrombosis (p = 0.0013) were also significant in the multivariate analysis for increased length of stay. Eight patients (8%) required readmission for an AE: 4 for a deep wound infection, 2 for failure of instrumentation, and 2 for pain management.
Twenty-four patients (23.8%) were still alive at the last follow-up. The median survival after spinal surgery was 8.4 months; the Kaplan-Meier survival curve is shown in Fig. 1 . There were 11 in-hospital deaths (10.9%). These were not necessarily related to postoperative AEs but rather to a more palliative orientation and withdrawal of aggressive treatment according to patient and family wishes. Overall survival was statistically influenced by the surgery duration, number of AEs, male sex, primary disease, surgeon load, and the initial ASIA impairment scale score. In addition, overall survival was also influenced by the presence of postoperative delirium. Yet, in our study, overall survival was not influenced by the CCI score or the extent of disease.
Discussion
Using a detailed prospective data collection method and the validated AE data collection form, SAVES V2, we examined 101 consecutive patients undergoing emergency surgery for spinal metastases and found an overall AE rate of 76.2%. This is significantly higher than previously reported in the spine literature. Historically, the complication rates range from 15% to 39%.
9,10,12,15 Wise et al. conducted a retrospective analysis on complications, survival rates, and risk factors of surgery for metastatic disease of the spine and found a complication rate of 25% in 80 patients. 20 The likelihood of having a complication in their study was strongly related to the Harrington classification of spinal metastatic disease, presence of neurological deficits, and preoperative radiation therapy. Although the presence of myelopathy or radiculopathy was associated with an increased overall AE rate, we did not find similar a association between the preoperative motor score and AE rate. Also, preoperative radiation therapy did not seem to have a significant impact on wound complications in our study. This is in contrast to what was previously published on this subject. 7 However, their study was a retrospective chart review including patients from 1970 through 1996 who underwent surgical decompression for spinal cord compression after irradiation. 20 Advancements in radiation treatments, surgical techniques, and postoperative care might explain the difference in the influence of radiation on wound complications. Another reason for this discrepancy may be that our study was underpowered to assess this outcome.
Wang et al. 19 reported a combined major complication and reoperation rate of 25.3% in patients undergoing single-stage posterolateral decompression for epidural metastatic disease. Like most other studies, this was a retrospective analysis investigating a specific procedure. In a retrospective study of 200 patients surgically treated for spine metastases, Arrigo et al. found that 34% of their patients had at least one AE. 1 The CCI score 4 was the most significant predictor of AE occurrence in their study. We did not adjust for oncological factors in our statistical analysis, which may explain why we did not reproduce these findings. Similarly Arrigo et al. and Shehadi et al. did not find a positive correlation between perioperative radiation therapy and wound complications. 1, 15 Our total AE rates are not significantly different from those reported by Street et al., 17 who published a study of 942 consecutive patients undergoing spinal surgery for all indications. This may suggest that, despite having metastatic disease, this population is not significantly more prone to developing AEs. Interestingly, another study by Street et al. 16 at the same institution reported AEs in 47% of the patients who underwent a posterolateral vertebrectomy for spinal metastatic disease. This retrospectively collected AE rate was significantly lower than the rate reported in their prospective study, even though both were conducted at the same spine unit, once again reinforcing the superiority of prospective AE collection.
Accurate AE rates are important to both patients and physicians. They allow the patient to have all the necessary information to provide more precise informed operative consent. For the surgeon, it provides quality assurance and a useful basis to develop preventive and risk reduction measures with the ultimate goal of improved patient care. It also assists in the decision-making process and improves the treatment algorithm employed by the multidisciplinary team of physicians caring for these patients by confronting a known risk profile to an expected benefit. Having a disease-specific AE profile is even more useful because it allows physicians to apply it to real-life, day-to-day clinical scenarios.
AEs are inevitable in any type of surgical intervention. To be able to recognize them in a timely fashion and react accordingly is certainly very important. More important is the use of valid AE data to initiate preventative strategies. As expected based on other prospective studies on AEs, our AE rate was higher than that reported in retrospective studies. This may be due to the prospective nature of the data collection as well as the rigorous methodology we employed. In addition, we collected all potential AEs, not only the ones considered medically relevant, which may be different from the approach used in previous publications and likely contributes to the higher AE rate. This resulted in the recording of AEs that are not necessarily direct postoperative complications but rather secondary to the primary diagnosis. Recording all of these AEs provides a more accurate picture of what can be expected during the admission of a patient with a spinal metastasis, and it also contributes to surprisingly high rates of AEs. The assumption that the clinical impact of some AEs may be of questionable significance and therefore may be ignored has never been studied before. It is imprudent to assume that there is no effect of an AE; indeed, in combination with other AEs, it can potentially influence patient outcome. Furthermore, there is the perception that minor AEs are insignificant, but recent data suggest that they are responsible for one-third of total AE costs. 8 Increased length of stay contributes to increased cost and negatively impacts patient quality of life. It is therefore important to limit the occurrence of even the most benign AEs.
Conclusions
To the best of our knowledge, this study is the first detailed, prospective analysis using a validated data collection instrument specifically looking at AEs in an emergency oncological setting. The results revealed that when evaluated in a rigorous prospective manner, metastatic spine surgery is associated with a higher morbidity than previously reported. This AE incidence must be considered by the patient, oncologist, and surgeon in determining appropriate management and preventative strategies to reduce AEs in this fragile patient population. Quality of life and health economic impact studies related to AEs in patients with metastatic spine disease are lacking and are much needed to improve patient outcomes.
